SUMMARY
Considerable literature is available concerning the neurological and neuropsychological (cognitive) sequelae of patients who have had cardiac surgery involving open-heart or coronary artery bypass grafting.
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Most of the neurological sequelae are focal in nature and emboli are considered to be the major cause. 8 ,9 Recently Nussmeier et at. have suggested that barbiturate anaesthesia may offer a cerebral protective effect during open-heart surgery, reducing the clinical consequence of the release of emboli_ 9 Factors other than the surgical procedure have also been suggested to contribute to the neuropsychiatric changes. These have included a wide variety of factors ranging from age of the patient 9 to patients' ability to cope with stress.1O They are considered in detail elsewhere. I 1- 13 Major deficiencies of the neurological and The following case reports attempt to evaluate in detail the neuropsychological (cognitive) and subjective experiences of coronary bypass and cardiac valve surgery patients. The clinical detail in this report highlights the type of problems experienced both preoperatively and postoperatively by these patients and illustrates some of the difficulties encountered in carrying out research of this nature.
METHOD

Subjects
After exclusion of those not fluent in English, subjects were randomly drawn from patients undergoing elective coronary artery bypass graft and/or valve surgery at the Royal Melbourne Hospital. Consent was obtained in accordance with a protocol approved by the Hospital Board of Medical Research. In line with current practice patients received narcotic anaesthetic. Subject characteristics, medical history, details of anaesthetic and surgical procedures are summarised in Table l .
Assessment
Patients were assessed on three occasions: on the day prior to surgery, at four to five days after surgery, and at six to ten weeks after surgery. The first two assessments were carried out in the hospital, while the final session was conducted in the patient's home. The following tests were used to assess patients' affective, cognitive and subjective experiences preoperatively and at six to ten weeks postoperatively. A shortened assessment procedure was utilised on the fourth postoperative day as indicated(*). Where available parallel forms of tests were used.
Psychological/psychiatric state, depression and anxiety were assessed by interviewer rating and patient self-report questionnaires which included the Depression Rating Scale, * 14 the State-Trait Anxiety Inventory (Form Y),*IS the Levenson Locus of Control Scale 16 and the Multidimensional Health Locus of Control Scale. 17 Neuropsychological assessment included an examination of Subject expectations of the surgery were assessed preoperatively and focused particularly on expectations of discomfort, rate and degree of recovery and changes in psychological functioning. Pre-and postsurgery ratings of affective state, discomfort, concentration, mental speed and memory were obtained using a series of visual analogue scales.
Summary of cases Case 1
The patient (P 1) presented as an extremely well-motivated person who was keen to perform at his most optimal level. He indicated a drinking problem of mild to moderate severity and reported feelings of 'stress' and a decrease in his ability to concentrate. His performance on simple memory tasks was good, but on a complex task, requiring learning over trials, performance plateaued at a level below that which would be expected. There was no evidence of psychomotor slowing and concentration and cognitive flexibility were excellent. His difficulty with new learning probably reflects alcohol abuse.
After surgery the patient reported feeling very well and described himself as feeling physically better, but still somewhat confused mentally. He ascribed his excellent recovery as due to his motivational self-talk. On testing there was evidence of psychomotor slowing and difficulty sustaining attention. Some weeks after discharge he became depressed and left his family home. It has not been possible to contact him to date.
Case 2
The second patient (P2) presented with a somewhat flattened affect, but was generally co-operative. He described several changes over a period of five years which included poor memory and concentration, difficulty remembering names and a feeling of being slowed down. Preoperative assessment demonstrated that his memory skills were intact for basic tasks, but deteriorated markedly as the material became complex. In addition a moderate degree of psychomotor slowing and lack of cognitive flexibility was observed. This pattern of performance was suggestive of mild intellectual deterioration.
During surgery difficulties were experienced in weaning from the heart/lung machine. At four days the patient was in pain and not fit enough to complete the testing. At six days he appeared both depressed and confused and had marked psychomotor slowing. At the time of his discharge he complained of visual disturbances. Six weeks after surgery he was experiencing problems with his vision and was reluctant to participate in formal testing. He complained of pain and feeling mentally confused. At ten weeks after surgery objective assessment revealed a further deterioration in information processing speed, memory, and other higher cognitive functions.
Case 3
The third patient (P3) presented as a friendly, co-operative man with moderate anxiety. He complained of increased difficulty with concentration and memory, dating from his first heart attack. Preoperatively he performed well on all the tests, apart from a mild difficulty with complex memory and problem-solving tasks. After surgery he recovered quickly and had a positive outlook. At four days after surgery he demonstrated poor concentration and psychomotor slowing. At ten weeks he remained extremely well physically and emotionally. However, the psychomotor slowing persisted and the patient confirmed that he felt 'mentally' slowed down. Despite this there was no change in memory or other cognitive functions.
Case 4
This patient (P4) presented as highly anxious before surgery. He reported that since his first heart attack his memory and concentration were poor, he felt slowed down and had difficulties making decisions. In contrast to his complaints his performance on all tasks was above average for his age. At four days after surgery he was no longer anxious but was emotionally labile. In addition there was some suggestion of paranoid ideation. Cognitively, there was evidence of psychomotor slowing and difficulty with concentration and attention. When seen at six weeks after surgery these problems had mostly resolved. Performance on memory tasks was well above average. However, the patient and his spouse felt that the memory problem was persisting. On tasks requiring information processing speed he was consistently slower than at the preoperative assessment and the patient confirmed that he felt 'mentally slower'.
Case 5
The fifth patient (PS) complained of increasing irritability and described a fall-off in memory and concentration which she dated from onset of her cardiac problems. However, on most tasks she performed in the average to above average range and there was no evidence to suggest a memory deficit. She presented as a well-adjusted person who prior to surgery demonstrated some mild anxiety, emotional lability and increased introspection. At four days after surgery she was well but demonstrated psychomotor slowing and difficulties with concentration. At six weeks her speed of information processing was poorer than expected, but memory and other cognitive skills were unchanged. Her emotional state had improved, with a decrease in irritability and a general improvement in her mood.
RESULTS
Subjective
The most striking feature of the five patients drawn randomly from a public hospital population and presented here is the consistency with which they complain of cognitive problems prior to surgery. All patients felt that their concentration had deteriorated while four out of five patients reported that their memory was poor. Each patient connected the onset of cognitive change with the onset of cardiac problems. In addition to cognitive changes subjects reported alterations in emotional and psychological status. The most common problem reported in four out of five patients was an increase in emotional lability.
Objective
The mean pre-and postoperative performances of subjects on tests of memory and psychomotor speed are presented in Tables 2, 3 and 4. Preoperatively only one subject (P2) demonstrated a memory problem of any clinical significance. However, it is noted that although subjects' mean performance on the sub-tests of the Wechsler Memory Scale were in the average range (Table 2) , mean performance on a more complex memory task (Rey Auditory Verbal Learning Test) when compared to normative data was well below that expected (Table 3) . At four days after surgery all subjects had decreased levels of concentration and attention, and psychomotor slowing (Table 4) . There is some preliminary evidence to suggest that the psychomotor slowing noted immediately postoperatively persists, although to a less marked degree. On the positive side performance on a wide range of memory tasks remained relatively stable from the preoperative to the postoperative assessment. DISCUSSION A detailed examination of the five cases confirms the need for both objective and subjective testing of cardiac patients, both pre-and postoperatively. It is apparent that prior to surgery patients present with a list of difficulties and in some cases these will be confirmed by objective testing. The high incidence of self-reported cognitive change may reflect patients' disturbed emotional! psychological status prior to surgery rather than any organic pathology. In contrast, cognitive changes postoperatively are more likely to reflect organic damage. Careful documentation of psychological variables, such as depression and anxiety, not only provides important information about patients' psychological well-being, but also assists in the interpretation of cognitive test results. The finding that patients tend to be naturally highly anxious prior to surgery emphasises the need to consider the timing and situational factors that may influence cognitive test performance. Assessment of patients on the day prior to the surgery is not ideal as emotional factors are likely to affect test results.
This preliminary report illustrates some of the many factors which must be considered when considering research into the postoperative recovery of cardiac surgery patients. Careful assessment and documentation of patients, both before and after surgery, will help to elucidate the incidence of neuropsychiatric change after cardiac surgery. In a well-controlled study, it should also be possible to evaluate the contribution of various aetiological factors such as the type of anaesthetic used for the surgery on the incidence of neurological and neuropsychological dysfunction. Such research may contribute to changes in clinical practice that may benefit patients' postoperative quality of life.
